two-dimensional sheets of graphdiyne have been successfully synthesized. [25] [26] [27] [28] [29] Subsequent studies suggest that these materials have attractive electronic properties. [29] [30] [31] [32] [33] [34] [35] L. D. Pan et al. reported that graphyne nanoribbons are semiconductors with band gaps similar to silicon. 31 A key property of graphyne are the larger rings, compared with the six-member rings in graphene, making it possible to introduce atoms in the same plane as the defect-free carbon sheet. A dilute concentration of select TM atoms at interstitial positions in graphyne has been found to induce half-metallicity. 34, 35 J. He et al studied the geometric structures and electronic properties of one dimensional TM nanowires on graphyne. They found that the TM nanowires are stable out-of-plane and exhibit long-range magnetic order. 36 On the other hand, no devices have been fabricated so far based on either graphyne or graphdiyne.
In this paper, we use first-principles calculations to examine the structure, magnetic, and transport properties of GyNRs doped randomly with TM atoms at medium-to-high concentrations. We find that the TM atoms are stable at their random positions and do not cluster. Mn-and Co-doped GyNRs exhibit 100% electronic spin-polarization. The ground states of Cr-, Mn-, Fe-, and Co-doped GyNRs are ferromagnetic (FM), while that of V-doped GyNR is anti-ferromagnetic (AFM).
Taking Co-doped GyNR as an example, we found that the spin-polarization effect can induce spin-polarized electron transport. At doping concentrations of 2 -5%, Co-doped GyNRs show a perfect spin-filter effect. These theoretical results may be useful in designing future devices.
The structural optimizations and electronic structure calculations are performed within density functional theory and the local density approximation (LDA) by using the spin-polarized version of the Vienna ab-initio simulation package (VASP). 37, 38 The projector augmented wave method is employed. 39, 40 The electronic wave functions are expanded in plane waves with a kinetic energy cutoff of 400 eV. A vacuum layer of 15 Å is used in the direction perpendicular to the ribbon plane and between the neighboring ribbons. The k-points mesh used in the calculations is 7×7×1 for graphyne, and 7×1×1 for GyNRs, generated automatically with the origin at the The electronic transmission coefficient of Co-doped GyNRs is calculated using density functional theory (DFT) plus the non-equilibrium Green's function (NEGF) method as implemented in the ATK software. [42] [43] [44] The geometric structures of all the devices are optimized using the VASP package. 37, 38 Transport calculations for the very thin GyNRs were tested by using both gold electrodes attached to small GyNR segments and TM-doped GyNRs as electrodes. The results for transport at zero bias are essentially the same. For the wider GyNRs, such calculations were impractical so that we used TM-doped GyNRs as electrodes. The unit-cell length in the electrode is about 7.0 Å. Single zeta and polarization orbitals (SZP) are used. The Hamiltonian overlaps and electronic densities are evaluated in a real space grid defined with a plane wave cutoff of 150 Ry to achieve a balance between calculation efficiency and accuracy.
Transmission coefficients are calculated using standard Green's function methods. 45, 46 The device consists of three parts: the left and right electrode and the central scattering region, which contains the TM-GyNRs and parts of the leads to accommodate the molecule-electrode coupling interactions. The retarded Green's function of the scattering region
is constructed by the Hamiltonian of the scattering region ( C H ) and the self-energies of the two semi-infinite electrodes
, where Γ ∑ ∑ , and Γ ∑ ∑ are the contact broadening functions associated with the left and right electrodes, respectively. The transmission probabilities are calculated as Γ Γ . Fig. 1(a) illustrates the structure of a two dimensional graphyne sheet. Because of the miniaturization tendency of electronic devices in applications, we cut the two-dimensional material into small stripes such as GyNRs and study the properties of TM-atom doped GyNRs in contrast to previous studies [34] [35] [36] that reported the geometric and electronic structures of TM-doped graphyne. In addition, whereas previous works studied a dilute concentration of select TM atoms at interstitial positions in graphyne or strands of adjacent TM atoms that form nanowires, we investigated GyNRs doped randomly, though at large concentrations. The GyNRs are obtained by cutting through the graphyne sheet along the primitive cell vector.
All the TM atoms we studied (V, Cr, Mn, Fe and Co) prefer doping GyNRs at the H site, similar to TM-doped 2D graphyne. 35 The binding energies per TM atom are calculated by E bind = (E TM + E GyNR -E total )/n. Here, the structure shown in Fig. 1(b) is defined as the supercell, E total is the total energy of TM-GyNRs per supercell; E GyNR , and E TM are the energies of isolated GyNR, and TM atom, respectively; n is the In summary, we have systematically studied the electronic and magnetic properties of TM-doped GyNRs. We find that TM atoms prefer separately doping at the center of the enlarged benzene ring of GyNRs. The formed TM-GyNRs structure exhibits complete electronic spin-polarization, similar to a two-dimensional sheet, and the d-orbital splitting pattern of TM atoms can be explained by crystal-field theory.
Mn-GyNR, and Co-GyNR have 100% electronic spin-polarization. 
